Abstract: The influence of a probiotic additive and aromatic oils from medicinal and spicy plants on the basic production parameters and on the incidence of intestinal disorders of weaned pigs (weaning at the age of 30-32 days) was compared in two trials in a commercial pig fattening farm (Michalovce, Slovakia). In the first trial, an experimental (nex = 38) and a control group (nco = 32) were used. A commercial probiotic additive containing Enterococcus faecium M-74 (6 × 10 8 CFU/g) and IgY antibodies (920 mg/g dried activated egg matter) against pig Rotavirus and different strains of Escherichia coli (K88, K99, 987P, F18) were added to feed mixture of the experimental group from 30 th to 40 th day (12 × 10 8 CFU/g) and subsequently from 40 th to 50 th day (6 × 10 8 CFU/g) of age. The second trial was performed with three groups of pigs (nex1 = 28, nex2 = 24, nco = 28). Aromatic oils isolated from sage (Salvia officinalis L., Labiateae) or oregano (Origanum vulgare L., Lamiaceae) were added to feed mixtures of the 1 st (90 mL/100 kg) and 2 nd experimental group (35 mL/100 kg), respectively, from 32 th to 53 th day of age. A statisticaly non-significant decrease of the incidence of diarrhoeal diseases was observed in the experimental groups of both trials as follows 
Introduction
Legislators in Europe moved to prohibit the use of growth-promoting antibiotics in animal feeds from the end of 2005. Feed additives have been used successfully for decades to secure and enhance performance of productive livestock. During recent years the search for new substances has been intensified, since the prohibition of the majority of antibiotic performance enhancers has meant that an important group of effective and lowcost feed additives is now no longer available (Wald, 2004) . The heavy use of antibiotics in general can give rise to transmissible resistance factors that can compromise the potency of therapeutic antibiotics in man. Livestock producers in many countries must face future without antibiotic growth promoters. Problems may be more acute in pig and poultry production (Wallace, 2002) .
However, the critical phase of pig breading is the weaning. It has been shown that weaning of pigs can cause changes in gastric function that accelerate the growth of Escherichia coli, a normal bacterial inhabitant of the digestive tract that increases in number during diarrhoea (Schulman, 1973) . It is primarily caused by changes, from milk to feed mixture, and subsequently by changes of pH which affect the balance between pathogens and non-pathogens. The acidity of the different regions of the gut affects the different types of bacteria that can survive there. In general, E. coli pathogens can survive at much lower pH than many non-pathogens (Ewing & Cole, 1988) . Post-weaning E. coli-caused problems can be subcategorised into post-weaning diarrhoea, oedema disease, post-weaning wasting and haemorrhagic gastroenteritis (Bölcskei et al., 1995) .
There are several alternative approaches without the applications of antibiotics for the maintenance of microflora balance in the gastro-intestinal tract, such as the use of acidificators, probiotics, prebiotics and enzymes. The use of secondary metabolites of medicinal, aromatic and spicy plants containing essential oils with inhibitory characteristics against The interest has been focussed again on products based on herbs, spices and their extracts. After all, the health promoting effect of many plants has been known since early times and covers a large number of different modes of action (Wald, 2004) .
According to Bomba et al. (2002) it is challenge for further research to find suitable components of natural origin able to potentiate the protective and stimulatory effect of probiotics. Plants produce a large variety of secondary compounds as natural protection against microbial and insect attacks. Plant extracts contain a vast source of different molecules which have intrinsic bioactivities on animal physiology and metabolism. Many of these compounds have been used in the form of whole plants or plant extracts for food or medical applications in man (Wallace, 2002) .
The knowledge about the biological activities of plant extracts depends on the used analytical techniques. One of the very useful biological characteristics is the antibacterial activity.
Antibacterial activity seems to be equally determined by both the concentration and the composition of essential oils. The aseptic physiological potency (capacity) of terpenoid compounds is positively related to their water solubility (Knobloch et al., 1989) . Aromatic substances such as spices and flavourings have gained a stable foothold in feed mixes for agricultural productive livestock and in the pet food sector. According to the information supplied by the Association for Active Agents in Animal Nutrition (AWT) in Bonn, the market for this segment totalled about EUR 11 million in Germany in the year 2004 (Kolb & Kolb, 2005) . Because of the inhibitory activity of essential oils against microorganisms, they are natural and health unthreatening alternative of antimicrobial preparations.
The aims of this study were to compare the influence of: (i) a probiotic preparation based on Enterococcus faecium M-74 and IgY antibodies against the basic enteropathogens of pigs, and (ii) aromatic oils isolated from sage and oregano added to feed mixtures in two feeding trials on the incidence of diarrhoeal diseases and the basic production parameters of weaned pigs.
Material and methods

Plant aromatic oils
The plant aromatic oils (98% v/v) were isolated from leafs of sage (Salvia officinalis L., family Labiateae) and tops of oregano (Origanum vulgare L., family Lamiaceae) by steam distillation of plant materials in Calendula joint-stock company (Nová Ľubovňa, Slovakia). The percentual range of the main components was tested by gas chromatography.
Bacterial strains
Bacterial pig isolates, haemolytic strain E. coli (K antigen positive) and Salmonella enterica var. enteritidis were kindly provided by Dr. D. Palatický from the State Veterinary and Food Institute (Nitra, Slovakia). E. coli (K antigen negative) and Enterococcus sp. were isolated from the intestinal apparatus of weaned pigs in the commercial pig fattening farm (Michalovce, Slovakia). Bacterial isolates were identified by morphology and biochemical tests. The probiotic strain Enterococcus faecium M-74 was provided by Medipharm CZ Ltd. (Czech Republic).
Inhibitory data of essential oil constituents Essential oils and their constituents were examined in vitro for their growth inhibiting properties against the bacterial isolates from pig intestine by using agar spot test (KALEMBA & KUNICKA, 2003) and agar diffusion paper disc test (BURT & REINDERS, 2003) . Bacterial inoculum was cultured at 37
• C in Nutrient Broth No.2 (Imuna Pharm, Slovakia) for 18 h and 0.2 mL (1.5 × 10 8 CFU/mL, i.e. 0.5 McFarland standard) were subsequently applied on the surface of Mueller-Hinton agar (Imuna Pharm, Slovakia).
In the Nutrient Broth No.2, the aromatic oils were dissolved in 85% (v/v) ethanol to final concentrations 0.1, 1, 20, 40, 60, 80 and 100%. In the Mueller-Hinton agar, the aromatic oils were used at concentration 100% (v/v).
Essential oils were applied directly on the surface of agar plate (0.01 mL) in the agar spot test or on the filter paper discs (0.008 mL, d = 5 mm) in the agar diffusion paper disc test. The applied essential oils were located radially on the agar plate. The solution of 0.008 mL of lincomycin (125 mg/mL w/v) was applied on the disc and used as positive control; physiological solution (0.9 % NaCl w/v) was used as the negative reference standard of the sensitivity of tested microbial strains.
The inoculated plates were incubated at 37
• C for 24 h under the anaerobic conditions. Antimicrobial activity was evaluated by measuring the inhibition zone against the tested microorganism. Growth was evaluated by the diameter of inhibition zone.
Feeding trials
A commercial pig fattening farm (Michalovce, Slovakia) was selected to test the effect of plant aromatic oils and probiotic preparation on the production and health parameters of the weaned pigs. The unit is a breeder/fattener but the fattenig station is geographically separated from the breeding site. Two trials with the weaned pigs (weaning at the age of 30-32 days) were performed in the identical breeding conditions. a) In the 1 st trial (experimental group nex = 38, live weight 6.50 ± 1.603 kg; negative control group nco = 32, live weight 6.58 ± 1.773 kg) a commercial probiotic additive containing Enterococcus faecium M-74 (6 × 10 8 CFU/g) and IgY antibodies (920 mg/g dried activated egg matter) against pig Rotavirus and E. coli strains (K88, K99, 987P, F18) were added to feed mixture of the experimental group at the dosage 2 g/kg (from 30 th to 40 th day of age) and 1 g/kg (from 41 st to 50 th day of age), respectively. b) In the 2 nd trial (2 experimental groups nex1 = 28, live weight 7.81 ± 1.072 kg; nex2 = 24, live weight 7.63 ± 1.235 kg; and the negative control group nco = 28, live weight 7.21 ± 0.626 kg) herbal extracts, aromatic oils isolated from sage 90 mL/100 kg (100% v/v) and oregano 35 mL/100 kg (100% v/v), were included in the diet of the two experimental groups.
The control groups of both trials were fed with an identical ration without probiotic additive or herbal ingredients.
The dosage of aromatic oils was added to feed mixture for weaned pigs according to the results of chemical, microbiological and palatability tests.
The parameters of the feed mixtures used in both trials were according to laboratory analysis as follows: dry matter 90.66%, crude protein 15.84%, fibre 3.96%, metabolisable energy 13.0 MJ. The following parameters were recorded during the trials on the starting day and in 10-day intervals: number of pigs entering the experimental feeding unit, starting live weights, daily weight gains, incidence of diarrhoeal diseases, health status and mortality. Qualitative determination of pathogenic bacteria in the rectal smears of diarrhoeic pigs and both chemical and microbiological analyses of drinking water used for the experimental animals were performed.
Data in the presented paper are expressed as means ± standard deviation (SD) of a single value (SAS, Version 8.2; SAS Institute Inc., 1999, Cary, NC USA). Means of the results from treatment were compared by one-way analysis of variance. Treatment means were statistically compared by Tukey-Kramer multiple comparison test. Significance was declared at p < 0.05 (*) and p < 0.01 (**).
Results
The percentual ranges of the main components of the aromatic oils utilized in the 2 nd trial are reported in Table 1 .
The antimicrobial activities of aromatic oils isolated from sage and oregano against the microorganisms examined in the present study and their efficacy were qualitatively and quantitatively assessed by the presence or absence of inhibition zones and zone diameter.
The qualitative evaluation of inhibitory activity of the aromatic oil isolated from sage, measured by agar spot test, is shown in Table 2 . The total inhibition of pathogenic bacteria E. coli or S. enterica var. enteritidis was observed at 20% (v/v) and 40% (v/v) of applied aromatic oil, respectively. The growth of probiotic strain E. faecium M-74 was inhibited after application of 100% (v/v) of the used aromatic oil.
The inhibitory activity of the aromatic oil isolated from oregano, measured by agar spot test, is demonstrated in Table 3 . The growth inhibitions of bacteria E. coli, S. enterica var. enteritidis and E. faecium M-74 were observed at 1%, 20% and 20% (v/v) of the applied aromatic oil. The results of quantitative evaluation of inhibitory activity of tested aromatic oils (100% v/v) against the reference bacterial strains are summarised in Tables 4-7 .
Oregano aromatic oil inhibited growth of all reference bacterial strains. The sizes of inhibitory zones, taken as a measure for the efficiency of a compound, ranged from 10.75 ± 1.953 mm (Table 5 ) to 32.0 ± 1.155 mm ( Table 7) . The most promising fact was that oregano aromatic oil inhibited the growth of pathogenic E. coli isolated from the pig intestine. The inhibition zones of the haemolytic, K antigen positive E. coli S143 and haemolytic, K antigen negative E. coli were 14.96 ± 4.91 mm (Table 4 ) and 10.75 ± 1.953 mm (Table 5) , respectively. In comparison to aromatic oil isolated from oregano, sage aromatic oil was less active by this method.
A decrease by 43.41% of the incidence of diarrhoeal diseases in the experimental group after probiotic supplementation was observed in comparison with the negative control group (Table 8 ). The diarrhoea score was higher in the negative control group by 1.68 day 10 pcs −1 than in the experimental group. The daily weight gains were lower in the control group by 42.95 g/day. The results in both comparisons were statistically insignificant. The reason of mortality in both groups was the high incidence of the respiratory diseases.
A statistically insignificant decrease of the diarrhoea score (Table 9 ) was noticed in the 1 st and 2 nd experimental group in comparison with the negative control group by 1.43 day 10 pcs −1 and 0.48 day.10 pcs −1 , respectively. The daily weight gains were higher in the 2 nd experimental group by 35.71 g/day (p < 0.05) than in the negative control group.
In the case of comparison of the diarrhoea score and the daily weight gains in both feeding trials the better results were achieved after application of probiotic additive than after application of aromatic oils from sage and oregano. The indexes of the both mentioned parameters were 56.59 and 129.50 in the 1 st trial (Table 10 ).
E. coli (K antigen negative, haemolytic), Citrobacter spp. and coliform microflora were detected in the rectal smears of diarrhoeic pigs.
Mesophilic bacteria (87 CFU/mL), coli bacteria (25 CFU/100 mL), Enterococcus sp. (48 CFU/100 mL), psychrophilic bacteria (106 CFU/mL) and iron (43.75 mg/mL) were detected in the drinking water used.
Discussion
The use of antibiotics in pig feed as an acceptable means for promoting growth and well being of pigs is currently under intense revision by many authorities world-wide. Antibiotics are now banned in many European countries because of a potential risk for human health. The Table 8 . Effect of applied probiotic on the basic production parameters and the incidence of diarrhoeal diseases of the weaned pigs at 30 to 50 days of age (1 st feeding trial). Table 9 . Effect of applied aromatic oils isolated from sage and oregano on the basic production parameters and the incidence of diarrhoeal diseases of the weaned pigs at 32 to 53 days of age (2 nd feeding trial). organic keeping of livestock has also implied the mandatory removal of antibiotics from all organic livestock feeds. The search for safe alternatives which can play a role similar to antibiotics in livestock production without the potential long-term risks for human health have been in the focus of researches over many years. The organic livestock industries are also looking for feed additives to control the diseases because many of the traditional drugs used for this purpose are forbidden under the organic livestock industries guidelines. Probiotics and phytogenic flavours (essential plant extracts or oils) are the two groups of compounds that have been shown to be the viable replacement for antibiotics in feeds for livestock.
Group of animals (mean
Plant products which use is connected with a positive effect on livestock performance can be called "phytobiotics". This term covers more than just the seeds and fruits (for example pepper, caraway and others); it also includes other plant parts, such as roots and bark, and furthermore herbs, for instance sage (Wald, 2004) .
As far as the antimicrobial activity of phytogenic flavours is concerned, the in vitro examination of essential oils and their constituents with regard to their growth-inhibiting properties against microorganisms have been done in the past by the use of different testing methods.
The NCCLS method for antibacterial susceptibility testing, which is principally aimed at testing of antibiotics, has been modified for testing the essential oils (Hammer et al., 1999) . However, since the outcome of a test can be affected by factors such as the method used for extracting the essential oil from plant material, the volume of inoculum, the growth phase, culture medium used, pH of the media and incubation time and temperature (Rios et al., 1988) , comparison of published data is complicated (Janssen et al., 1987; Friedman et al., 2002) .
Results obtained in this study with the agar spot tests and agar diffusion paper disc tests demonstrated the higher antimicrobial activity of the aromatic oil from oregano than from sage against the tested bacterial strains.
The essential oils derived from oregano were proven to exhibit a higher in vitro antimicrobial action measured as minimum inhibitory concentration, against various bacteria, including E. coli, S. typhimurium and Staphylococcus aureus, than those derived from sage (Smith-Palmer et al., 1998; Hammer et al., 1999; Burt & Reinders, 2003,) .
Recent studies have shown that essential oils of oregano, thyme (Thymus vulgaris), bay (Pimenta racemosa) and clove (Eugenia caryophyllata synonym: Syzygium aromaticum) are among the most active oils in this respect against strains of E. coli (SmithPalmer et al., 1998; Hammer et al., 1999; Dorman & Deans, 2000) . One of the important characteristics of essential oils and their components is their hydrophobicity, which enables them to partition in the lipids of the bacterial cell membrane and mitochondria, disturbing the structures and rendering them more permeable (Sikkema et al., 1994) .
A typical oregano aromatic oil compound with a biological activity is carvacrol. This naturally occurring compound present mainly in the essential oil fraction of oregano and thyme was studied for its effect in bioenergetic parameters of vegetative cells of the foodborne pathogen Bacillus cereus (Ultee et al., 1999) . Only 2 mM carvacrol significantly depleted the intracellular ATP pool. The depletion of the internal ATP pool was associated with a change of the membrane potential. An increase of the permeability of the cytoplasmic membrane was observed for protons and potassium ions. The dissipation of ion gradients leads to impairment of essential processes in the cell and finally to the cell death.
The results obtained in this research are in partial agreement with the literature. Wheeler (1995) showed that the application of a complex herbal feed ingredient Livol (Indian Herbs, USA) to pig diet resulted in the increased daily weight gain by 85 g pig −1 day −1 (11.94%) and decreased mortality by 15.82% in comparison with the negative control group. However, Kovac & Bilkei (2003) examined sows in a large commercial herd where alternate farrowing groups were given diets containing 1,000 ppm oregano in the lactation diet. The oreganotreated groups showed a lower sow mortality rate, a lower sow culling rate during lactation, an increased farrowing rate, more live-born piglets and less stillbirth piglets per litter compared with untreated females.
Some products in the group of aroma substances (under the name "phytogenic additives") are used specifically as natural substances with quasi performance-enhancing properties and thus have an important additional benefit beyond their appetite-stimulating effect (Pape, 2004) . Yadava et al. (1995) discovered that broths containing Lactobacillus bulgaricus fermented to produce high levels of antienterotoxin were beneficial when added to diets for early-weaned pigs. It was inferred that this effect was probably caused by the antienterotoxin action. Plant extracts seemed to have a similar ability, which might be used in potentiating the neutralization effect of lactobacilli against E. coli enterotoxin. A crude alcohol extract of Coleus froskohlii Briq. roots showed a significant inhibitory action against an E. coli toxin-induced secretory response at 300 mg/loop dose in the ileal loops of rabbits and guinea-pigs.
In conclusion, the growth performances and the incidence of diarrhoeal diseases of the experimental weaned pigs were positively influenced by the intake of the probiotic based on bacterium E. faecium M-74 and IgY antibodies against the basic pig enteropathogens as well as by the intake of essential oils isolated from sage and oregano. The results achieved in both trials are comparable in some aspects. The incidence of diarrhoeal diseases of the weaned pigs was negatively affected by bacteriologically objectionable quality of drinking water in both feeding trials.
The utilization of the combination of beneficial effects of the different types of additives mentioned above, which can contribute to solution of post-weaning diarrhoea problem of pigs, can be promising. However, more research is necessary with regard to reduction of unfavourable inhibitory influences of essential oils on the beneficially acting probiotic and autochtonous microflora of the gut of weaned piglets. The essential oils from medicinal and aromatic plants offer an alternative for the synthetic feed additives still mostly used at present. Moreover, due to their potential synergistic effect of chemical components alternatively with the probiotic, they could be a more environment-friendly perspective in improving production efficiency, meat quality and protection of human health.
